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Raman and IR spectra of K-(BEDT-TTF) 2 Cu[N(CN) 2 ]Br [BEDT-TTF denotes 
bis(ethylenedithiolo)tetrathiafulvalene] and its deuterated and partially deuterated analogues 
were measured at temperatures between 5 and 300 K and cooling rates from 1 to 20 K/min. It was 
found that, in partially deuterated samples, the interdimer electron-molecular vibration splitting of 
f3 mode in Raman spectra, the magnitude of the resonance enhancement in Raman spectra, and 
linewidths of some phonon peaks both in Raman and infrared spectra depend on the cooling rate. 
These observations were explained by disorder-related effects. 

PACS numbers: 78.30.Jw, 71.20.Rv, 71.27.+a, 71.30.+h 



I. INTRODUCTION 



K-(BEDT-TTF) 2 Cu[N(CN) 2 ]Br [BEDT-TTF denotes 
bis(cthylcnedithiolo)tctrathiafulvalcne] is one of the most 
well-known organic superconductors^ Still, a number of 
issues related to its physical properties remain unclear, 
including the nature the superconducting state. This 
compound lies on the border between metals and insula- 
tors and, below 50 K, regions of an antiferromagnetic in- 
sulating phase appear inside its mostly metallic volume. 
Upon deuteration, the amount of the insulating phase 
gradually increases with increasing deuterium content. 2 
There exists a set of progressively deuterated isotopic 
analogues of K-(BEDT-TTF) 2 Cu[N(CN) 2 ]Br, which are 
denoted as d[n,n] with n = 0, 1, 2, 3, or 4 being the 
number of deuterium atoms at both ends of a BEDT- 
TTF molecule^ The last member of this sequence, d[4,4], 
is mostly insulating at low temperatures. The cooling 
rate is another important factor affecting the phase sep- 
aration: the faster the cooling the larger is the amount 
of the insulating phased It is believed that influence of 
the cooling rate on phase separation is related to order- 
ing of ethylene groups of BEDT-TTF molecules, taking 
place approximately from 140 down to 50 K as a glass 
transitions^ Fast cooling freezes the disorder in ethy- 
lene groups, more effectively in heavier deuterated ones. 
The mechanism of the effect of cthylcnc-group disorder 
on phase separation is not understood in detail at the 
moment. A disorder of ethylene groups probably results 
in disorder of transfer integrals £ Yoneyama et al£ sug- 
gested that the disorder in ethylene groups decreases in- 
homogcneously upon cooling, with the formation of do- 
mains having some amount of disorder and domains that 
are free of disorder. The former then become insulating 
and the latter become metallic. 



Most of experimental studies carried out so far deal 
with d[0,0]. d[4,4] is less investigated, and few works are 
devoted to partially deuterated crystals. At the same 
time, the superconductiong/insulating phase transition 
in d[2,2] and d[3,3] can be easier controlled by cooling 
rate^ 

In our previous publication^ we reported polarised 
Raman spectra of K-(BEDT-TTF) 2 Cu[N(CN) 2 ]Br along 
with its several isotopic analogues and discussed the split- 
tings of V2 and v% molecular modes. Here, we present 
the cooling-rate and temperature dependences of Raman 
and IR spectra of d[0,0], d[2,2], d[3,3], and d[4,4] single 
crystals in the frequency range corresponding to C=C 
stretching modes. We supposed that the cooling rate 
should have significant influence on the phonon spectra; 
however, only rather small effects were observed. Below 
we report and discuss these findings. 



II. EXPERIMENTAL 

The experimental procedure was the same as in Ref. 
9. The crystals were grown by a standard electrochem- 
ical oxidation. The Raman spectra were measured in 
the back-scattering geometry by a Renishaw Ramascope 
System-1000 spectrometer. A 514-nm argon laser was 
used for excitation. The laser power on the sample sur- 
face was ~ 50 /iW, the spot diameter being rj 5 fim. 
The typical time of one measurement was 15 min. The 
experimental error of a wavenumber absolute value was 
1 cm , the error of relative wavenumber shift was 0.1 
cm -1 , the width of the instrument response function was 
3.3 cm . 

The polarised reflection spectra in 600-4000 cnU 1 re- 
gion were obtained with a FT-IR Nicolet Magna 760 
spectrometer combined with a Spcctratech IR-Plan mi- 
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croscope. The spectral resolution was 4 cm -1 . 

Samples were held inside a helium-flow Oxford 
CF1104s cryostat. The sample was fixed to the holder 
by a small amount of the silicone grease. The temper- 
ature was monitored by a silicon diode sensor attached 
inside the holder just below the sample crystal. 

To obtain temperature dependences the following num- 
ber of different samples shown in parentheses were used: 
for IR measurements, d[0,0] (1), d[2,2] (1), d[3,3] (1); 
for Raman measurements, laser polarisation c, d[0,0] (2), 
d[2,2] (2), d[3,3] (3), d[4,4] (1); for Raman measurements, 
laser polarisation b, d[0,0] (2), d[2,2] (1), d[3,3] (1), d[4,4] 
( 1 ) . For Raman measurements wc used different samples 
in c and b polarisations. Several more samples of each 
sort were used for a rough check of the samplc-to-sample 
spectra variations. 

To obtain the parameters of separate lines, the least- 
square fitting by Lorentz functions was used. For each 
mode v the position io{y), the width 5{v) and the inte- 
grated intensity were extracted. Below we will some- 
where designate the laser polarisation and the type of the 
crystal in parentheses; for example, u)(v2, b, 2) means the 
position of v% mode for d[2,2] crystal and b laser polar- 
isation. The polarisation of the scattered light was not 
analysed, so only the polarisation of the laser radiation 
is indicated. 

At any temperature, all spectral lines could be fitted 
quite well except their wings. When a weak line is located 
near an intense one, the width of the former is influenced 
by the latter. For that reason, we used different laser 
polarisation for different modes to obtain temperature 
dependences. 



III. RESULTS AND DISCUSSION 

In Fig. ^ the Raman spectra of d[0,0] in the region 
of C=C stretching vibrations are shown for different po- 
larisations of the laser. The v% molecular mode gives 
rise to two components: v^{A g + Bi g ) near 1475 cm -1 
and v-$(B2 g + i?3 S ) near 1415 cm -1 ; the splitting between 
them is determined by the dimer-dimer electron molec- 
ular vibration (EMV) interaction^ The line originating 
from the mode V2 appears near 1500 cm . The line near 
1465 cm -1 was identified by us as 1^7 or a combination^ 

We found certain cooling-rate dependences for d[2,2] 
and d[3,3]. For d[0,0] and d[4,4] no dependences were 
found. We used "fast" and "slow" cooling procedures. 
"Fast" cooling means approximately 20 K/min which 
was at the limit of the equipment used. We tried dif- 
ferent "slow" cooling procedures: (I) approximately 0.3- 
1 K/min cooling in some temperature range between 50 
and 150 K, (II) annealing at some constant temperature 
between 60 and 80 K, (III) some combination of 0.3-1 
K/min cooling and annealing. 

The results obtained with d[2,2] crystals showed strong 
variation from sample to sample. In some of the samples 
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FIG. 1: Raman lines of C=C stretching vibrations for d[0,0] 
at 5 K. 



we could see cooling rate dependence, in others we could 
not. The results depended also on the way the sample 
was fixed. As a rule, simply after removing the sam- 
ple from the holder, cleaning it from silicone grease by 
a solvent, and reattaching it by another small portion of 
grease, results different from initial ones were obtained. 
During the cooling the samples could jump or rotate a 
little if the amount of the grease was was insufficient. By 
this reason we could not totally remove the influence of 
grease. However, if the sample position remained stable, 
the results for this particular sample were reproducible 
from cooling to cooling. At low temperatures, 1/2 and 
1/3 lines looked additionally split. We can not charac- 
terise the cooling rate dependence for d[2,2] in general. 
However, in Fig. [5] we present the results for one specific 
d[2,2] crystal with the biggest difference between "slow" 
and "fast" cooling — first, as an example, and second, 
because we used these data to estimate the overheating 
of the sample in the laser spot. 

For Fig. [21 "slow" cooling sequence was the following: 
cooling to 75 K, 1 hour annealing, 0.3 K/min cooling to 
70 K, 4 hours annealing, 0.3 K/min cooling to 60 K, 1 
hour annealing, 0.3 K/min cooling to 50 K, and cooling to 
5 K. (The results obtained are shown by squares.) Quite 
different dependence was obtained upon "fast" cooling, 
with most striking difference observed between 10 and 
20 K; being rather unusual these results were, however, 
reproducible from one cooling cycle to another. To check 
the laser overheating we performed these measurements 
upon "fast" cooling under two levels of laser power: 15 
/iW (shown by dark circles in Fig. [21 accumulation time 
30 min), and 50 /jW (shown by crosses, accumulation 
time 15 min). 

As one can see in Fig. [21 the data for the linewidth and 
the splitting do not depend on the laser power allowing us 
to estimate that, near 10-20 K, the overheating did not 
exceed 3 K. We also tried to measure the overheating 
by another method: we increased laser power 3 times 
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FIG. 2: Top, temperature dependence of vz dimer-dimer 
splitting uj(v 3 (A g + B ig )) - w(^ 3 (_B 29 + B 3g )). Bottom, tem- 
perature dependence of V3(A g + B\ g ) linewidth. All data are 
taken for the same d[2,2] crystal. Laser polarisation is c. 
Squares '□' show slow cooling (see text); crosses '+' show 
fast cooling, 50 /iW laser power; circles '•' show fast cooling, 
15 /iW laser power. Curves are a guide to the eye. 



(up to about 150 /xW), measured the signal at 90 K and 
estimated the overheating by change of the width and 
the position of ^3, and 1465-cm -1 line. Estimations 
based on different parameters gave different values of the 
overheating, however, all being between 10 and 50 K (i. 
e., 3-15 K for our normal laser power). 

We cannot state for sure that, at nominal 5 K, the 
crystals were really below the critical temperature of the 
superconducting transition. Several measurements with 
d[3,3] and d[2,2] crystals at 5 K upon "fast" cooling were 
carried out at lowered laser intensity, and no essential 
changes in any spectral parameter in comparison to the 
case of normal laser intensity were observed; however, we 
have very little statistics for such measurements. 

d[0,0], d[3,3], d[4,4] crystals showed no evident varia- 
tion from sample to sample. We attached several d[3,3] 
samples to the holder, and these samples underwent the 
same cooling procedure. The results were very close. 
Thus we can speak about the behaviour of d[3,3] after 
"fast" or "slow" cooling in general. 

It is worth mentioning that we did not see any con- 
siderable difference between different places of the same 
sample in any of d[0,0], d[2,2], d[3,3], d[4,4] crystals. 

The temperature dependences of 6(v2,c) and 
6(v 3 (A g + B lg ),b) arc shown in Fig. and Fig. |U 
respectively. For d[0,0] crystals v-i, v 3 modes are splitA 
We designate the components of these doublets as 
v\. 1/2, ^3, v\. The lincwidths of all components are 
shown in upper panels of Fig. [3] and 01 together with 
<5(ia 2 ,4),<5(ia ( ,4). Below 20-40 K 6(u l 2 ,0) decreases with 
decreasing temperature but 5(^2,0) increases. 

Above 20-40 K the data for d[2,2], d[3,3], d[4,4] co- 
incide, the linewidths increasing linearly with the in- 
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FIG. 3: Temperature dependence of 5(v2, c). d[0,0], the 
low-frequency component (up triangles, A); d[0,0], the high- 
frequency component (down triangles, Vi d[4,4] (squares, ■); 
d[3,3] (solid diamonds, 4, for the fast cooling; open diamonds, 
{>, for the slow cooling; crosses, +, for the unfinished slow 
cooling) . Lines are a guide to the eye. 
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FIG. 4: Temperature dependence of 5(f3(A g + Bi g ),b). 
d[0,0], the low-frequency component (up triangles, A); d[0,0], 
the high-frequency component (down triangles, y; d[4,4] 
(squares, ■); d[3,3] (solid diamonds, for the fast cooling; 
open diamonds, 0, for the slow cooling; crosses, +, for the 
unfinished slow cooling). Lines are a guide to the eye. 



crease of the temperature with the slope (1.9 ± 0.1) x 
IO^cto- 1 ^- 1 for 8(v s ) and (2.5 ±0.2) x lO^cm- 1 ^- 1 
for 8{y2)- At low temperature 6(1/2) is about 1-2 cm -1 
larger than 6(1*3). Below 20-40 K, the temperature de- 
pendences of the linewidth no longer coincide for the sam- 
ples with different deuteration. 

For d[3,3] the cooling rate influences the result. After 
"slow" cooling (open diamonds) the linewidth remains 
constant, after "fast" cooling it increases with decreasing 
temperature. Crosses in Figs. [21 and 21 represent the 
data obtained when, to make a measurement in a region 
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50-150 K, we interrupted the "slow" cooling procedure. 
Above 150 K the cooling rate was not important and the 
data are shown by crosses too. 



d[3,3], 5K 
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FIG. 5: Raman scattering of d[3.3] (v2 mode) at 5 K after 
"slow" cooling (dashed line) and "fast" cooling (solid line). 
Polarisation c. 

In Fig. we show how the difference between " slow" 
and "fast" coolings looks like. As a result of the "fast" 
cooling, V2 widens uniformly. A similar broadening effect 
can be seen in IR reflectivity spectra too, as it is shown 
in Fig. In the latter case, the integrated intensity of 
the phonon line did not depend of the cooling rate. 
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FIG. 6: Reflectivity of d[3,3] in c polarisation after "slow" 
and "fast" cooling. 

An increase in the linewidth with decreasing temper- 
ature looks quite unusual in itself. It can be seen also 
in 8{v2,c, 4) and 8{vlj;, c, 0) (Fig. EJ. The disorder in 
ethylene groups produced by fast cooling occurs approx- 
imately from 150 down to 50 K (Refs. HI . It is also 
this temperature region that we found to influence our 
results for d[3,3]. The phase separation occurs below 80 
K (Rcf. 0). 

So it would appear reasonable to relate 



the low-temperature broadening of spectral lines and the 
cooling-rate dependence of the linewidth with the phase 
separation rather than the ethylene-group disorder itself. 
However, the broadening can not be produced just as 
a result of differences between metallic and insulating 
phase in lo(v2) and ^(1/3) because the broadening can be 
seen both in almost totally metallic^ d[0,0] and almost 
totally insulating^ d[4,4]. 

There is a possibility to explain the broadening by 
increased scattering of phonons at the domain bound- 
aries. The amount of superconducting phase is very dif- 
ferent in d[0,0], d[2,2], d[3,3] and d[4,4], however, they 
all can have zero resistance below the temperature of 
the superconducting transition. So the bulk of the ma- 
terial probably consists of insulating domains embedded 
into the metallic matrix. It may be guessed that the 
characteristic size of insulating domains is the same for 
any sort of crystal. When the temperature decreases, 
the insulator-metal boundaries become more pronounced 
and can scatter phonons more effectively. Slow cooling 
increases the domain size in d[2,2], d[3,3], and probably 
in d[0,0], but, for unknown reason, not in d[4,4]. An up- 
per limit for an insulating domain size d can be estimated 
as d « ct w c/8, where c is the sound velocity, t is the 
phonon lifetime, 8 is the phonon linewidth. It gives sev- 
eral nanometres which is quite consistent with the model 
proposed by Yoneyama et al&. 




Temperature. K 



>™ 50 100 150 200 250 300 

Temperature, K 

FIG. 7: Temperature dependence of the splitting between 
v 3 {B 2g ,B 3a ) and v 3 (A g ,B lg ) for d[0,0], d[4,4]. The inset 
shows the temperature dependence of vz(Bi g , B39) linewidth. 
Lines are guide to the eye. 

Another parameter that depends on the cooling rate is 
EMV dimer-dimer splitting of 1/3 mode, uj{v^{A g , B\ g )) — 
uj(v3(B2 g , B^g)). In Fig. we show its temperature de- 
pendence for d[0,0] and d[4,4]. Above 50 K the split- 
ting decreases significantly (by 25% per 200 K) with in- 
creasing temperature, and there is no considerable dif- 
ference between mostly metallic d[0,0] and mostly insu- 
lating d[4,4]. For d[0,0] below 50 K the splitting remains 
constant or maybe decreases a little with decreasing tern- 
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perature. For d[4,4] the splitting evidently decreases be- 
low 50 K, the Hnewidth 5(v 3 (B 2g , B 3g )) substantially de- 
creasing too (see the inset). (For d[0,0], d[2,2], d[3,3] the 
values obtained for this Hnewidth were more scattered 
and no definite change could be detected.) 

According to Eldridge et alm&, for d[0,0] the behaviour 
of the intradimer EMV coupling is quite different, ft 
continuously increases with increasing temperature but 
mainly below 100 K. For k-(BEDT-TTF) 2 Cu[N(CN) 2 ]C1 
the temperature behaviour of the intradimer EMV cou- 
pling is different again, the splitting decreasing be- 
low 50 K and increasing above 100 K with increasing 
temperature^ 

For the temperature behaviour of the interdimer EMV 
coupling we can consider two important factors. The first 
one is the temperature change of lattice parametersiSii^ 
which can influence interdimer interaction more than in- 
tradimer interaction. However, calculations (see Ref. IbH 
for example) show that (i) the intradimer transfer inte- 
grals are influenced not less that interdimer ones and (ii) 
about 1 % change of the lattice parameters really tak- 
ing place between 100 and 300 K leads to less than 10 
% change in the transfer integrals. Probably, another 
factor, the temperature variation of the antiferromag- 
netic correlations, can be important. The charge trans- 
fer and EMV coupling act predominantly between dimcrs 
with antiparallel spins. Below «300 K these correlations 
increase gradually with the decrease of temperature^ 
Only short-range correlations are important which can 
result in the absence of substantial difference between 
metallic d[0,0] and dielectric d[4,4]. 

The influence of the antiferromagnetic correlations on 
the EMV coupling can be roughly illustrated in the frame 
of Rice's dimer models If the spins are antiferromagnct- 
ically ordered then the dimer-dimer charge-transfer tran- 
sition results in the singlet state with the effective dimer 
Coulomb energy Ujj f = 2t ra + U/2- ^JU 2 /A + At 2 ra (Ref. 
0), where U is the intramolecular Coulomb energy and 
t ra is the intradimer transfer integral. If the spins are 
completely disordered then, in the half of all cases, af- 
ter the dimer-dimer charge-tranfer transition there oc- 
curs the triplet state with the effective dimer Coulomb 
energy u\) f = 2t ra . The difference U ] e j } - U}j f = 

^U 2 /A + U 2 a ^U/2 «0.15 cV (taking U «1 cV, t ra w0.2 
cV). In comparison with U e ff «0.6 eV, it is a consider- 
able value but the estimate is very rough because the 
value for U is not accurately knowni2ii2i2£. In addition, 
U is affected strongly by the screening effect. We can 
expect that spin ordering leads to a decreased screening, 
thus increasing U and enhancing the dependence of U e f / 
upon spin-spin correlations. 

However, there exists an opposite factor, namely, in the 
antiferromagnetic state as a result of the charge transfer 
an electron obtains an additional exchange energy, ap- 
proximately estimated as 3 * 2t 2 r /U e ff «0.1 eV (inter- 
dimer transfer integral t er wO.l eV). (As to the difference 
in the intcrmolccular Coulomb interaction inside a dimer 



between the singlet state and the triplet state, this dif- 
ference is very small, less than 0.01 eV (Ref. Wi) ). 

The above-estimated values have opposite signs, and 
we cannot assess their sum even roughly. However, in any 
case the antiferromagnetic ordering can essentially influ- 
ence U e ff and, therefore, the EMV coupling. 

Below 50 K the two-dimensional antiferromagnetic 
short-range spin-spin correlations are already almost as 
large as possible, both in insulating and metallic phases, 
increasing no longer. However, in the antiferromagnetic 
phase screening can continue to decrease with decreasing 
temperature that resuls to an increase of the intramolec- 
ular Coulomb energy U and therefore to a small increase 
of U e f f and to a small decrease of the EMV coupling. In 
such a case the decrease of 8{v 3 {B2 g ,B 3g )) for d[4,4] can 
be explained as the result of decreasing amount of the 
metallic phase in the bulk of the crystal. 




Temperature, K 

FIG. 8: Temperature dependence of the dimer-dimer EMV 
splitting of vz for d[3.3] after "slow" cooling (open diamonds, 
0), "fast" cooling (solid diamonds, ♦), and above 50 K 
(crosses, +). The results for d[4,4] are also shown (crosses, 
x). Lines are a guide to the eye. Polarization c. 

For d[2,2] and d[3,3] the dimer-dimer EMV splitting 
depends on the cooling rate. Fig. [H] demonstrates this 
effect for d[3,3]. Below 80 K after "slow" cooling the 
splitting is approximately constant (open diamonds on 
Fig. 0) , after " fast" cooling (solid diamonds) it decreases 
with decreasing temperature. At 5 K we estimate the 
splitting for d[3,3] as 66±1 cm -1 after "slow" cooling 
and 61±2 cm -1 after "fast" cooling. For comparison, 
we also present in Fig. [HI the data for d[4,4] (crosses). 
After "fast" cooling the behaviour of d[3,3] looks similar 
to d[4,4]. 

Concerning the intensities of Raman signal, for all 
the samples under the 514-nm laser irradiation, the 
ratio I{v2,b) / I{v 3l b) is temperature- independent, but 
the ratio I(^ 2 , c)/I(y 3 , c) increases linearly with de- 
creasing temperature. To a first approximation the in- 
crease in I(i>2,c)/I{y3,c) occurs purely at the expense 
of 7(z/ 2 ,c) increasing linearly. Under 633- nm laser ex- 
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citation I{i>2, c)//(f3, c) is temperature-independent in 
all compounds. For d[3,3], I(z/ 2 , c)//(z/ 3 , c) also depends 
of the cooling rate. Such temperature dependences and 
the cooling rate dependence of I{v2, c)/I(u3, c) are con- 
nected with the fact that ^ 2 mode is in resonance with 
c-polarised 514-nm laser irradiation but vz is not. At low 
temperatures resonance conditions improve and I(u2,c) 
increases, /(V3, c) remaining constant. For d[3,3], fast 
cooling increases disorder and worsens the resonance con- 
ditions, acting similar to the heating. 
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FIG. 9: Correlations between 5(i>2,c, 3), and ^(^(Ag + 
Big)) — uj(ua(B2g + B39)) Temperature is 5 K. Open (<^>) and 
solid (♦) diamonds designate the data after "slow" and "fast" 
cooling respectively, crosses (+) show the data obtained af- 
ter different cooling procedures that are neither "slow" nor 
"fast". 

Fig. El shows the correlations between the parameters 
influenced by cooling rate for d[3,3]. The temperature 
was 5 K. We put here also the data obtained in a period 
when we were looking for a good "slow" cooling proce- 
dure and were trying different methods ('+' symbols). In 
Fig- E3 " slow" and "fast" data occupy different areas, es- 
pecially in 5(1/2) direction. Except that, however, there 
are no evident correlations between 6(^2) and the dimer- 
dimer splitting of The same can be said about the 
other possible pairs (not shown): 8(v2), I (1^2, c) / J(i^3 , c); 
and I{v2i c)/ 1(1*3, c), V3 dimer-dimer splitting. 

d[3,3] is very sensitive to a cooling procedure, more 
than d[2,2]. We found that when we cooled the sam- 
ple with approximately constant rate 1 K/min from 150 
down to 50 K without any interruptions, we obtained 
the biggest difference with the "fast" cooling procedure. 
This temperature region can not be narrower. We also 
tried annealing for 6 hours at 70 K or 30 minutes an- 
nealing after every 10 K from 150 down to 50 K but 
the results were, surprisingly, worse (i. e., the difference 
with the "fast" cooling was smaller). We cannot explain 



this. Cooling rate 0.5 K/min makes no difference from 
1 K/min. Contrary, near the "fast" cooling limit the 
cooling rate looks quite important, because stable results 
near the "fast" cooling limit could be obtained only if the 
transfer tube is well precooled. 

According to Ref. [53 the amount of dielectric/metallic 
phase for d[4,4] is sensitive to the cooling rate mostly near 
60-90 K, at higher temperatures cooling rate being not 
so important. From the fact that for our data the cooling 
rate is important in a wider range of temperature (50- 
150 K) we can suggest that probably any cooling rate 
dependence found by us results directly from different 
amount of disorder, not from change of an amount of 
mctallic/antiferromagnic phase produced by the phase 
separation. 

Specifically, the decrease of dimer-dimer EMV cou- 
pling below 80 K for d[4,4], d[3,3] (Fig.® can be either 
an intrinsic property of the insulating phase or a con- 
sequence of disorder induced by dcuteration and/or fast 
cooling. We think that the latter looks more reasonable, 
mostly because for d[3,3] this decrease depends on the 
cooling rate. 

The absence of correlations between different param- 
eters shows that these parameters are not directly con- 
nected with each other suggesting, again, some kind of 
disorder. 

However the strange thing about this disorder is that 
the disorder increases with decreasing temperature down 
from 50 K when the ethylene groups are already com- 
pletely frozen. Probably for d[4,4] and d[3,3] fast cooling 
results in rather "bad" antiferromagnet with very small 
domains or some other kind of spin disorder. Such un- 
known disorder can give another explanation (except the 
scattering on the domain boundaries suggested above) 
for the observed broadening of V2 and V3 with decreasing 
temperature. 



IV. CONCLUSIONS 

1. Below 20-40 K the width of V2 and V3 Raman lines 
can increase with decreasing temperature. 

2. Below 50 K, in the antiferromagnetic d[4,4], dimer- 
dimer EMV splitting of the mode 1/3 decreases with de- 
creasing temperature. 

3. A cooling rate dependence has been observed in 
d[2,2] and d[3,3] crystals for the linewidths of phonon 
modes both in Raman and IR spectra, and V3 dimcr 
dimer EMV splitting in Raman spectra. The difference 
between slow and fast cooling can be seen below 20-50 
K and increases with decreasing temperature. For d[3,3] 
the influence of the cooling rate is essential from «150 
down to «50 K. We explain the cooling rate dependences 
as a result of increasing disorder upon fast cooling. 
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